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(57) Abstract: A method for measuring the amount of 
strain of a bonded strained wafer in which at least one 
strained layer is formed on a single crystal substrate by a 
bonding method. The method for measuring the amount 
of strain is characterized in that at least the two asym- 
metry diffraction planes having diffraction plane indices 
(XYZ) and (-X-YZ) of the bonded strained wafer are 
measured by an X-ray diffraction method, a reciprocal 
lattice space map is created from the measurement data, 
and the amount of strain of the strained layer is calcu- 
lated from the peak positions from the single crystal sub- 
strate and the diffraction planes of the strained layer ap- 
pearing on the reciprocal lattice space map. With this, 
the amounts of strain in the horizontal and vertical direc- 
tions of the strained layer of a bonded strained wafer can 
be easily measured in a short time by an X-ray diffrac- 
tion method. 
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[0001] #38Wtt, W9#t>*ftKJ:9*i»*W±K^ft<^-«©5S*»*s»J«$*i 

[0002] »^yay(Si) WMfcgioaiOSi^SrrtflE*^ V\btf>5£*Si8tt, ii 
[0003] £*sigtt, mtf*SAB:fc4fc&s (ioo)©sa&K±j^ aibr^^^**!!:* 

9SiGeS£MU $^^(DSiGeS±^Sil^t^^^-v;^ftU SiGe^O 

M-rsrt*(c{i, s^sis^w-r^fcfeosiGesw^ffi^+^t-wm^ 

[0004] r©J;5>5i§6*Si«Sr^fifc-f 5*«fettt, ±SBOJt5^br^>^ife*±fri: 
1-5^j£O«d\^^tf#M200l-2l7430-^#*5J:tWM2002-l64520-9- 

&*fcl«*$*i,-Civ5 < J:5l^ ^^K^^N^Si&KilJiSiGea^^t, 

fcLT5B*SUi£r«#»4£fl^Wl/TVS&. #^2002-164520-^- 

^tcPJ^$turv^5J:5ic:,SiGelo^fi^«^b-CGeMS^ftfe?)li» 

±(CSiGe®^^^TV^!?3i— SGOl(SiGe On Insulator) ^^—/n 
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[0005] ^<Dt$, '^(DSi&falDWmiMt.WMW&fc^PACE (Plasma As 
sisted Chemical Etching) fe*£©*tfB3::y7'l'^ % ^vaAi"JH&(^ 

[0006] &fc, #W2002-305293#&«"CH\ Si&K±fcSiGeg, v^a^l, »® 
^«^^^K^3:-/NOSiS«t^^^aA(Cj:|?^ilM^«L, ^£>*K 

[0007] SGOI^-vNfcfER-f-SBL xt^^WfcgLfcSiGe! f KttMbll 

SSr^-f^^LT, SiGeJg(P^®j&>P>&^r*y£&AU 7=->W<5^ 
5SIMOX (Separation by IMplanted OXygen) j££fflV\/ t c#M.&5o 

[0008] SiGeJi©*^i»fdOM&*^fttLr*^ittft*^fflV^*lSii:*S*)S 0 r 

XhZ> 0 M^SiJgO^OSSSr^l-Jl^t-Ctt, M^-^fflv^ti^ir^ 

rtutt, m^smm+femtiK sio&^mmzttLx, b*ommms.tz\z 
m'b\,x\<^fa%%i-mxhz> 0 ^.<Dm^&<D^^\cx<om^sm(D^j7^m 

vms, zomm\mj$£titcm&simo£^zwffii-ttmkLx, xrd(x-r 

ay Diffraction) ^g^fflV^cXi^lHltff^^nibttrv^o 
[0009] ^(D^fel*. mfett&W^-s^ttLXXmmttU #£ffi(0J;itf (224h ( 
113), (004)tetlfrbmbhZSimWl(D®ffln^&l&OK°~mWk. SiGeltf) 

£P^s^L-c&x., ^<z> e -2 0 #->>\ fc^is, m&j-Qm^y7±i^^x 
% SiM©f~^g*^oTti^SiJS-f^<bHJ:'9, SiGeS©*&?»s£(£>5 



WO 2005/069374 



3 



PCT/JP2005/000165 



rained Silicon On Insulator) m^m^at, IEm&&«OT ^2 

Loon] ^-/M^^ism, mm&m<Dffimftx*M&m*b<D'rtim^ 0 ms^ 
te&mifm ioo) (d^^^/n iz%±tz&MiM±?ti$:*-mw mxm ; (a) « 

*»bf,fcBaTf*)5. [001], [010]ttJgS^S:*to r(D«t5fJl, !>i-a©^ 

^^■Cf^ilUclAtJ^^-frSOI (Silicon On Insulator) 2tt©^x 
-/N^timOTwist^, TAtm^Lit^^^n^ZlthOt^o M9 
tt, M®^(100)(752^Si^a:-/^, -#£SOIjlMffl<hLT, t>5-# 

n**iiftWBaT?*)D, (a)tt«>*-/N«^eiBfcaE*^ifti*»fcj!.fcH'T**>o, (w 
mmftmxmfe-rzt, Tiitft&xmvnstfio&mx^ soisi^^&v^ 

mm&m>birtix\< ^ soimt^^y^^Kxm^tix\ v&fc 
soimtm^<Dm^mm^<DX\ soimtmmomftfo&v-ttiLmn 

[0012] ax±.®.WLtc&\^ &&simz%irmfrsvx.-^<D£.%.mmfc*tz>m&, 

^<Dmtt&m?-mfrb^m&*fr^tftM&z> 0 u>>u^e>, ^^-sii^si 
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5*, TUt^feit/Twist^(7)3o^§Srg(tfdiM(cm^W-e, 

[0013] ^SIT?, Extended Abstracts of the 2003 International Conference 
on Solid State Devices and Materials, Tokyo, 2003, pp. 290-29 

tib-rtift <D%m&mi% i v ^x^m m-^mm^^x 

fe^i(^P^TatHl^fc^8NfraSa^^^^tt5^T-^^^5/^ffl'J^9 

o° mmx4mn^m^tctb, m^m^mmnmimbxmm 

Loon] tt^ xmrnfffeuftxte, mm^ymx, m^^^^-^o^m 
m^-r^t^x^K z^mxti, ^mMom^mL^m^x^-r, m 
m(®z)Xfa<Dm*m\zmfex%ft^h\,^m&mZo mm-^yrnxsi 
Gemm^mmm^-rm^ siGem^Gemm^^^x^^t 
Mfexzte^t^ormtfhZo sicei* (DGemfczmfe-tzfifebLx, sims( 

Secondary Ion Mass Spectrometer, ~&J*y1£Mft$r$\-)teb°tf^lfbtl 

z.tii*m*mz$m&i£xhtttb, z.<D%mx\mi&mcWx.-^<D& 

[0015] *%w\zz<D£?ftfflM\mfrxft£titct><Dxh<o, 

m<Dm^mm^titcm^^^-^(D^mm^mxh^x^ptj:< 
th, mmm^^m^^-y^xBmmm\wmmmmxYz), (-x-y 
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[0017] z.<d&\^ mmm&t>&£w*-^zm®ttmz.£mtfmmm-xYz) s ( 

-X-YZ) mmftmmtf ffi (OT, (XYZ) Isl^B^trci^l-^,!:^^) (CO 

tools] z<Dk$, m^^-m<D^m&%mm\^ immfttm^y7±\v&h 
k\z£<o. Ti\t^mstmz£m&%&rti<D%w&w®vx, ames**^ 

[0019] *fc,MtB^f 0 S«WttrfE#[il^S^J;52oOt o -^^g.j|B^^g^^ 
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iftfEM£*^-f5 RJ^ft {clHite^|!3^-B:T^iEi-§i<!;fcJ;«9 % ffi8B!g** 
tlttE^^lsHJriliov^^ 

[0020] ^lt, iinEJMSiiaHR^ya^ttfii^^i^etS, 

[0021] fffiaailSi-^^^S^, SiGelO^^fP^A^/Xli^^^y^^l© 

[0022] HlEIllDfffimic(XYZ)?r, (113), (224)(D^-ftlfrtfZ>Z.tt>W£L^ 

o 

@JffiB*Ct>J:v^,c:©J;5fc,ia*fiii»jR(XYZ)«r, (ii3h (224)^1*^^ 
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[0023] ^lt, mB^mam^nmtm^ mummw^ELtcsiGemo^-^m 

[oo24] *fc, mm&^mttiirzm^ mBmm^Ltz^^y^ym^-mu 

^&m^^mmt^t^x^<Dx\^<D^mmLtz^^mmno 
[0025] *3§?mu;<9, m®ftmz£V2^<Dmfomm^ftbhm&i'£m^y 

[0026] mi](a)\mfeLtzsoivx.-^<DmmMMm, (wimte^m^y?, (c)\*m 
m2m\tsGoi<>*-^<DmmMmm, (b)m^^m^>^, (c)\*m&*& 

immy^^mmm m\t s$ (113), (-1-1 3) <r>2m#*m® 
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a) w*-^£%mmm%fafrb%,tzmxhy), (b) \*t*-^z%mz. wttn 

n29W H ffi#&(100)O2#CDSi*;i:w^ -^^SOlS«ffi^L-C, 

[0027] utxk, -^mmommmm^^xmt^K -&%w\*z.h\mfe£tiz> 

i><DX\tfo\ 

o®, mikmmm\MSGov*-^*ftmi,m&. *$itf, siGe«£w-r 

^SiS;6«£;ftfc«3i0SSOI^ 

fa^LT, |§^«-f ti££C5 0 ^OJ^^f XiUlII^aj^^joV^, 
M#-Si^ *5 XXfiSiGeMtoV-mmSr? &LTL*5fcV *5fflB#fcofc. 
[0028] Xlftiajf jfe-Ctt, 3I^Si® % *5j;tfSiGeS<0^ftH:, Si£tRt<7)tf-^M<D 

[0029] i©rajH^*W*1"S#Sti:Lr»ltrjfi©Extended Abstracts of the 2003 
International Conference on Solid State Devices and Materials, 
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Tokyo, 2003, pp. 290-291©#jfe&SM^£*VtV*3#, £©#ttref4, S# 
#fcv\, U>*b, SiGeHO*^«fpa|5SraS^-r5»^(cH:Geai«Srfti5^535S*>5 

[0030] *r-C#38WHu ±E©ra«fc*Bfer*fc»l!:, xHHI^ffeSrfflv^x, 

*fe*^-^^tfcSGOI^-/^,feJ:VSSOI^a-/^©i|$fi*^fc©1*^^©J»• 

IA9^t5-fr&(^J:«9^ilL^SGOI^x-/N x fei^SSOI^^-zN^xUlel 
*r8tf£«#^ia$ra"T'*>5 (xyz) orrffi, (-x-yz) [grrB©2o(cov >r«g 

[0031] #«i8#Hu X|||HHfffls«rfflv^-C, £*«*^v*«9£;b*SOl*:c- 

^©iSfe^SK #*t#m#rffi-efc$ (xyz) fUifrffit (-x-yz) [airr® 

[0032] (H$U) 

tt&200mm, PS, ^^<100>©2^©i/y=iV*L^^WN$rfflV^, 
SOlMflSllOnm, ffl»i£*IMfc]KJi (Buried Oxide, JsOn BOXjgtV^. ) 
W*S200nm©, ;w-h#yh (Sftj&HQ jfe-C^»tfcSi»K'<-^©ft!i9^fc>* 
SOI^-z^ffllcU XlHlJf$lffi(PhiUpsttlH)fcX, (113)0^f®i:(-l-13 
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[0033] mi<D( a )temfeLtzsoi<}*-^<DmwaWLmm, (b)\*m%* r £®-w7, (cm 
■vy7°<D*^[R]<otttti/[iio], m\g.xfa<Dmm/[ooi]x*hz> 0 m&TQm 

(25 77 X 10 4 cnf \ 5536 X 10 4 cm _1 ) , SiMOb-^.gW^fi (2622 
X 10 4 cm"\ 5516 X 10 4 cm _1 )-CfoO, &fa^Q^y7±.-?%.m\Z.^tlZ>{-\- 
13)Hl^f®(DSOI«<Dt 0 ~^igOM^ii(-2629X 10 4 cm"\ 5512 X 10W 1 ) 
% SiS^C0t°-^|4fi(^M^{i(-2584X 10 4 cm~\ 5533 X 10 4 cm _1 ) fcfcofco %x 

* <d m^m m .tssMo t °-mm* 1 /[oo 1 m imLXMfo<D®.mkftox 

Vv^ofc^ &®$rmX<DSmtiLkSOm<D\?~?tiLW<DM&\t, SOU <Dt°- 
5X 10 4 cm"\ 20 X 10 4 cm -, -efc5:L<WS;bd>ofco 

[0034] 2oosaHR©tf-^<fc*#i/[ooi]*K#Lr«ii^*fc^rvvfe 
v^a^tt, &®mmfe?zzk\mfe®m\zm-m±x&ftft?tzv>> * 

lWKtt*«s.PIC"TMb5r&6»e>, Wfctf, (H3)lHl^fffioSi««t 0 -^4fi?rS^i: 
Lfc*§3\ (-1-13) [iIW®OSi^fc 0 -^^g^l/[001]f|li(^LT^#(D^ 



WO 2005/069374 



11 



PCT/JP2005/000165 



bifit>i*t>1to z<Dt%, i?hb<D®$rmZ&mtLXh£w? (-1-13) ®ft E©S 
[0035] «vW, XidigjrjSfeSrfflv^, M&ttK£Q&\Xti&jjifcriri 

*tfWel#rffl-C&3 (XYZ) HUf B£ (-X-YZ) m*T Si-ov ^H£U 

[0036] (£ffe2) 

E&200mm, PiU ^^<100><75^yny^^»> 3 iWNSrfflV^, SiGe 
Jg©Geg&;&320%, SiGeSJ¥£^40nm, BOXjgWl50nm©SGOI?:c-^( 
Sg#Si/SiGe/BOX/StffcK) *SIMOXjfe&t«Mb«*ifelIUtDtmU »1 

irimai^ xi»ia*f«*Kr , (113) wrn mt (-1-13) mjtffio^i&^^^vyy 

[0037] 02© (a) ttSGOW«-/>©»fiii«KH, (b) {SW^ffl^^ (c) 

|ftO*ttl/[110]» Sil[*lRl©(||ttl/[001]T?as>5o iSMfc^GB^^.M, SiG 

^J^$^-5(113)lHl^f®OSiGel©t 0 ~^l(i(2587X 10W\ 5459X 1 
0 4 cm _1 ) , SigfcOfc-^ffcgOffi^tt (2602 X 10 4 cm"\ 55 25 X 10 4 cm _1 ) "Cfc 
«?, i»«HF^!l»J^y^ , ±"Cfeflifc*$n«(-l-13) @JfiB©SiGeJi©hr-^M 
©««(-2586X10 4 cm"\ 5458 X loWh SiSSOtf-^M^M^fi ( 
-2603 X 10 4 cm"\ 5524 X lOW" 1 ) Wfcofco 2l^l£M&9#*©[aI#T®<Dj£ 
^^^F^^y^±©Si«©t°-^ttfil/[001]tt(C^LT^©{iffi^o 

fr*>$J-66X 10 4 cm"Vc}t^f4ttV>5^ > JfcJifcatLT, xaS*»K*f*lRlfc« 
tflU-©*^ -f^^(113)[lIiffffi-C(i-15X10 4 cm"\ (-1-13) TO®-? 
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tt + 1 7 X 10 4 cm" Vat«LTV ^btft>frvtz 0 

[0038] «±©»'Mtt*«^tfc±-e, W0£;b*fc^-;*fct'$ 

[0039] l-fcfc*>, W9^fc*ftl!iJ;9¥»*a«±lJ:^*<«>-S©56*Si 

[0040] #«W©3E#*M£#fcK:oVv<\ M&i>&mm^XfmL>1t* is))* 

fiaMRSrffl V ^SG0I«^3:-/N©iRfPSiGeJi©» : f-ttJFP* % *5 *tfiB*Si 
lOS^^ #^IH^f®tL-C(113), (-l-l3)@ra«:fflV^SiJ^1-5» 

[0041] 03i4, -^m\m^m.^m\^^(o-m^nny^-mxh^ 0 

*T, SiGe«©»^iR|p4SfeJ:V56*SiH©S**&«jei-Sf->^^i:t-C, 

<9£fr-frSOI?:i:-/N£)SOIjl±^ SiGeS£Gefc£20%* ff$40nmT?f^«1- 
5 0 ^©m, ^k»X@.i:LT, \Q0QX:&±.<D\mXYy4mtV£t>>b. SOIS 

0%, J?§40nm©SiGejiS^rit1-5 o *LT, ^0±t^^Sil^l5nmOl?$-C 
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[0042] ±&<Dvy7/vzmmftm\z£*)®&immn3), (-1-13)020©*^ 

B), Bl4^^LfciS»»T^ra^^©«tl»H«r^'r. *¥«(Xtt)ttl/[110] 

[0043] j»|&^ravyy±^^^Si^<D#|eI^®[t«K§2ooe--^^ > Y# 

*^<Ofir«tab53&H«B1-5(BI3C) 0 ~<Z)*§£\ 2oOfcW#Y$I&##<7>Mt£ 

&*fh&&Z.l,tc&^Z.b%<D-e, -^©ifr®, 0>Jx.!f (ll3)[e]#rglcJ;.5Si& 
^Ofc-^ t>5— ^OEI^f Bi-CfcS (-1-13) 0»l££5SiSt£0fc°-^*j- 
ffo0ftgfofc5J:5K:, (-l-l3)ln]^fS(^J;SSiS^cDfc 0 -^, iE^SiJi&tfSiGe 
«<0lf-*«:W#»$tf5(l83D) o fcfcU fOI|-eii(-l-13)@$ffflia5 

[0044] r.©SiGel*Jj;t;^SilOf-^tt, TUt^Twist^^i^i^fa^-ftlOj^ 
J:5ftg-f fUcMLTtt, *3p*lRl'fTSi*»t>Cll0]^|^O5B*W:, X«i#|p]tf>&a 

SiGegOfc-^ffiV^JIfrf^lftPJirSo 

[0045] m5\tsiGem<Dv~?&mm®iEtt%m*mir%&wmvhz> 0 
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*1\ M%*&Mv*s7±.\zi3^X* (113), (-l-13)EI0fffifcJ;5SiGe«©SI 

11 2 2 

OA= (x 2 +yY /2 = (x 2 2 +y 2 2 ) 1/2 =OB, 
AB=[(x-x) 2 +(y-y) 2 ] 1/2 

12 12 

AB 2 =OA 2 +OB 2 -20A-OBcos2 0 
cos2 0 = (x x +y y )/(x 2 +y 2 ) 

12 12 1 1 

[0046] Wt. A, BI4**l^*l@MBBHb*lCA' (x '>y'), B'(x y ') {CbZbtS. 

11 2 2 

OA'=OB'=OA 

sin0 = [(l-cos2 0)/2] 1/2 , 
cos0 =[(l+cos2 0)/2] 1/2 

x ' =-x ' = (x 2 +y 2 ) 1/2 sin 0 = [ (x (x -x ) +y (y -y ) ) /2] J/ \ 

1 2 11 112 112 

y'=y'=(x 2 +y 2 ) 1/2 cos0=[(x (x +x ) +y (y +y))/2] ,/2 

12 11 112 112 

was. 

'fiLhfcJSfc, HIi^#itl$*-C^ELfcSiGel©t 0 -^g^5Rfeb^(IIl3E) 
[0047] Z.<D£oKLXiglELtzSiGeM<Dt°-?fcm^ ^«SfP^Sr*«>5(lll3 
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g) 0 tottftmnmi-z&fctts ®iELtzsiGem<Dt°-mmfrb, fe*mm 

^^ 0 o/ 0 ^oj;U?lOO%i:^5SiGe«Wt 0 -^g^^WL(ll|3F) , »tULfef-^ 

ZitK ^-Ctt(113) HJfffi^SSiGeSot -^m^b&-?Mfn^£##>S^ 

[0048] 06ttSiGeS©^iR?P^*»5*jfe©-^JSrKM"t-5IJiW0^ife5o 0*5 
^tbLT^]EUcSiGe«(De-^^A' (x \y ')fc*U Sti&R©e-*£C(x , 

11 Si 

Si 1 

V y=(y Si /x Si )x 

1 2 

1 :y=-(x / y ) (x~x ') +y ' 

2 Si Si 1 1 

[0049] &^WLWtnOO%bt£%S\Gem<Dt°-mm*. ^MiMtT.t>SitmUZ.f^X 

1 2 10 

0 100 

x = (x 2 x " +x y y ') / (x 2 +y 2 ) N 

100 Si 1 Si Si 1 Si Si 

y = (x y x ' +y 2 y ') / (x 2 +y 2 ) 

100 Si Si 1 Si 1 Si Si 

[0050] »?«fdW0%fcft5SiGejiOtf-^lttt, *¥#fi©»*£***Si 

2 Si 

0 0 

x =x 

0 Si, 

y =~(x /y ) (x -x ') +y ' 

0 Si Si Si 1 1 

[0051] ^LT, *¥#lft©*«»*R fo<Dfc*®fam tt, EWE 

hor ver 
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R =(x-x')/(x-x )X100[%L 

hor 0 1 0 100 

R =(y'-y)/(y -y)xi00[%] • 

ver 10 100 0 

[0052] &±m\uzx*>\^ *%w\zm\ xm®$rm\zMmttmmmii3), (-1-1 

[0053] SiGelil^^^jifetCj;O0^tb^T^IEt/c3g^Sil(Dfc o -^M 
frb, S**Sr*ft5(H3I). !6»*S^|CWJ-5l8K:tt, ^iELfcM^SilOt 0 - 

[0054] H7tt^*Si^©3l*45S:*»5^o-WS:IftW-r5lftM0-ea>5. EllS^n 



L-C«FIELfc3E*SiS©tf-^flrjlSrA" (x y^') W5. 

hkl 

d =a/(h 2 +k 2 +l 2 ) 1/2 

hkl 

d = l/x'\d =l/y" 

hkO 1 001 1 

hor ver 

a =(h 2 +k 2 ) ,/2 /x", 

hor 1 



a =l/y 

ver 1 



hor vex 

Ma (5. 43A)^^LT, 

Si 

£ =(a -a )/a X100[%L 

hor Si hor Si 

£ =(a -a )/a X100[%] 

ver Si ver Si 
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[0055] sk±.nmuM\z., mmvrmiaxmmm&miiB)* (-1-1 

[oo56] sxr. *%m<DmMM\M*m&mmmwirz>i!)K **wH^ne>fcis 
(»J1) 

D£fc*SOI?:t-/>±fc, SiGeS&Ge«j£20%* J¥£40nnn?flaKU 

iooo*C£Ji±©?aft-eK^aft{bL>5:^fe, soim\^Ge^n^^>tth^ sous 

mmomitmk^LX, BOX®±(;:Ge8l&20% )¥£40nm©SiGeJl£M 
Lfc. ^EJtt, SiGe«©*&*«fb*&8lfr*-S£i«rB ttfcl/OV5fc«>, SiGel 

[0057] ^LT > xaiHtfr^S(Philipsth»|)tC'r, (113) IUjFf®i:(-l-13)|HljFf®<^j^ 

^£#fe7to »J£fc£oT#6;ftfc(113h (-1-1-3) Hirr®(cJ;5SiS«W2oo 
^liYiCtlt»ftI^ofc©T?, SiGel Olf-^|0W^ftli 

'Uco ^LT, te^fii*lOO%:teJ:tW%©SiGeJi©tf-*M£#a» 

[0058] [£l] 
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(113)0 0?® 


(-l-13)0#rffi 




Si (2603X 10<cnT l , 
5625X lO'cm 1 ) 
SiGe (2533X lO'cm' 1 
6484XlO , cmO 


Si (-2602X lO'cm 1 , 
5525X 10 4 cm '}) 

SiGe (-2625X I0 4 cm \ 
5441X lO'cm" 1 ) 




SiGe (2679xi0 4 cm l , 
B463X 10 4 cm 1 ) 




ft* 1 0 0%. 
0 % CO S i G e 1 CO 


100% (2574Xl0 4 cm J , 
5464X10*cm 1 ) 
0% (2603X 10'cnr', 
64B1X 10 4 cm- ! ) 






R h 9 , : 84.91%, R v e r : 84.91% 



[0059] mm2) 

fc, SiGel&Ge*g20%, Jf&40nm-CfERU W&s 1000 < Cj*t±O?B^T?K 

, BOX®±(CGe»«20%, J¥£40nm<7)SiGel£MUbo ^LT, *<Z>fcSiGe 

[0060] ^rL-C, HJSWlil^iK:, Xjmg*f§S«(PhaipsttWU:-C, (113)HI#rSii(-l 
-13) 0WiiiOJ8«Hf-a»llllvy^'O*SSrfT4ofe, *LTtfft&©Ig«cftoT, 
36*SiH©§g*4s«rjft«>fc. $0£lU;oT#Wc(113), (-1-13) 

ay<o%*fem>b. *¥*iRi*5J:rmia^isio!B**i:*«)fc, ^©^m, tK¥ 

#fl©3S3M|SH:-l. 065%, M#l*l©36**ttl. 198%^fco/ u c 0 ^><Df£ 
m&«2tc££:fc5 0 

[0061] [£2] 
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(113)lEl^TifiJ 


(-l-ia)liltfifi 




Si (2603X lO'cm' 1 , 
6525X 10 4 cm l ) 
Si (2B30X 10 4 cm- 1 1 
ftSlSxio^cm 1 ) 


Si (-2602X 10 4 cm- 1 , 
6626X 10 4 cm l ) 
Si (-2624X 10W, 
567OX10 4 cm !l ) 




21* Si (2677X 10 4 cnr\ 
5692X10*cm 1 ) 






a h 0 r (5.-468A) 
a T . r (5.366A) 






t h 0 r : -1.066%, c , B r : 1.198% 



[oo63] mK.it, ±.ummmx\t, m^mm^(ii3) wmtuctK #»ia$f-e 
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zmmttm\z.£omiWfew. (xyz) , (-x-yz) m^^n^wm^ 
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[5] WKiWfe1-*§6*l*, SiGelO«HHIft«W/Xttfi*S/y3^«©fi* 
[6] i!Hfa0«»(XYZ)&, (113), (224)©v^ix*^i-5^Sr1#«i-f5fll* 
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mi] 
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WO 2005/069374 
[H3] 
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3/7 





(-1-1 3) mvsmmt-t&wtf 

(113)B«f^Y|MHU:tt«M, (.1-1 3) BUM) 



T 



P 100%fei:tfO%»»LfeSiGqg)g-»ttgtH-ltr* 



1 



1 I ;k¥;frffl,gg;fr[3<p&frsi0gfr$gfmi~3 

53 



[H4] 




o 

(-1-13) (113) 
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[H5] 



i/[ooi] n 





A ( x i.yi)\ 


\ e+e=2e \ 





1/[110] 



o 





A'(xr,yX 


\ 6+9=26^ 





o 



